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with high C factor, using three resin composite insertion techniques and two liners.
Materials & methods: Standard class V cavities were prepared in buccal and lingual aspects of 36
caries free, extracted premolars. The teeth were randomly assigned to three groups of 12 each cor-
responding to three different insertion techniques (1) Oblique insertion (2) Horizontal insertion and
(3) Bulk insertion and then subdivided into three groups of four each depending on the type of liner
used (1) no liner (2) RMGIC liner (GC fuji II LC) and (3) Flowable composite liner (Tetric ﬂow,
Ivoclar vivadent). The preparations were etched and restored with an Adhesive (adper single bond 2
3M ESPE), Liner (except for the no liner group) and Microhybrid resin composite (Z100, 3M
ESPE). Specimens were isolated with nail varnish except for 2 mm wide rim around the restoration,
thermocycled (1000 thermal cycles, 5/55 C, 30 s dwell time) and then immersed in an aqueous solu-
tion of 50 wt% silver nitrate for 24 h followed by 8 h in a photo developing solution and evaluated
for microleakage using a stereomicroscope on an ordinal scale of 0–4. The microleakage scores were
analyzed by using the chi square test.
Results: Oblique incremental technique coupled with the use of ﬂowable composite liner gave bet-
ter results when compared to other groups at the cementum margins.ege of Dentistry, PO. Box 153,
966 532919142; fax: +966
sa (M. Mustafa).
Saud University.
g by Elsevier
ng by Elsevier B.V. on behalf of King Saud University.
3.002
Open access under CC BY-NC-ND license.
58 M.M. Baig et al.Conclusion: None of the insertion techniques nor the use of liners were able to eliminate microleak-
age completely; however the use of the oblique insertion technique coupled with the use of ﬂowable
composite liner gave better results.
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Although resin composites are the most commonly used di-
rect tooth colored restorative material, polymerization
shrinkage still continues to be a problem.1–3 This can result
in impaired marginal seal providing access to bacteria, oral
ﬂuids, molecules and ions at the preparation walls/restor-
ative material interface.4,5 This in turn leads to staining at
the margins of the restorations, a hastening of the break-
down at the margins of the restoration, recurrent caries at
the tooth preparation walls and restorative material inter-
face, hypersensitivity of the restored teeth and development
of pulpal pathology6 all of which endanger the longevity
of the restoration.7
Numerous studies support the contention that many of the
irritant properties, previously associated with chemical action
of ﬁlling materials are themselves infact related to bacterial
leakage.6,8–10 Although little or no clinical evidence sustains
the hypothesis that composite materials with greater polymer-
ization shrinkage have poorer clinical performance, laboratory
data from several studies support this belief.1,3,11,12
The factors ascribed to marginal microleakage are the
adhesive bond strengths to different dental substrates4,13,14
which in turn depend on the histological and morphological
characteristics of the enamel, dentin/cementum,15 residual
stress created by resin composite shrinkage,16,17 differences
among enamel/dentin and restorative materials coefﬁcient of
thermal expansion, polymerization source variables, cavity
location and C-factor, resin composite insertion techniques
all of which aggravate several clinical variables.18
In 1987, Feilzer et al. postulated that the geometric conﬁg-
uration of the cavity plays an important role in the adaptation
of resin composite restorations.19 Since then several techniques
have been suggested to improve marginal adaptation of high C
factor preparations that potentially resists composite shrink-
age2,16,17,20,21 like soft curing,1,3,11,12,22 incremental tech-
nique,11,19,24 sandwich technique,25,26 use of an intermediate
low modulus liner,12,29–31 different cavity preparations,27–30
use of beta-quartz glass ceramic inserts,32 use of pre-polymer-
ized composites inserts,32 use of self-cure resin as the ﬁrst
increment33 using the protocols for photo-polymerization34
increasing the ﬁller content, increasing the molecular weight
per reactive group and use of ring opening monomers.1,35
Considering the resin composite placement methods, some
studies have shown that the incremental technique especially
the oblique technique tends to improve marginal adaptation
by resisting resin composite shrinkage stress.23,29 On the con-
trary other reports demonstrated that the bulk placement of
composite induces less contraction stress, minimizing marginal
leakage.36 The use of an intermediate low modulus liner be-
tween the margins of tooth preparation and restoration has
been advocated by some to provide a homogenous distribution
of stress over the adhesive interface.The objectives of this study were to evaluate microleakage
in the enamel and cementum margins in high C factor prepa-
rations when resin composite is placed by three different inser-
tion techniques and also to judge the effects of liners on
microleakage.
2. Materials and methods
Thirty-six caries free premolars were selected after examina-
tion under a stereomicroscope at 10· magniﬁcation to detect
any enamel cracks or ﬁssures, which could cause errors during
microleakage evaluation. The teeth were then stored in an
aqueous solution of 0.5% Chloramine at 4 C.
Standard high C factor class V cavities were prepared both
on the buccal and lingual surfaces of each of the 36 teeth, for a
total of 72 cavities. The gingival cavosurface margin of the
preparation was deliberately kept below the cementoenamel
junction. The preparations were made with a No. 245 carbide
bur (SS White) in a high speed standardized handpiece under
copious water coolant. After every ﬁve preparations the bur
was discarded and replaced with a new one.
The ﬁnal preparation had the following extensions: 3.0 mm
Occlusogingivally, 3.0 mm Mesiodistally and 1.5 mm deep.
The preparations were re-evaluated at 10·magniﬁcation to en-
sure the absence of pulp exposure and enamel cracks at the
cavosurface margins.
These 36 teeth were then randomly divided into three
groups of 12 each corresponding to three different insertion
techniques Bulk, Horizontal and Oblique and then further di-
vided into three subgroups of four each depending on the type
of Liner used (No liner, Resin modiﬁed glass ionomer cement
(RMGIC) liner and Flowable composite liner).
The preparations were etched with 35% phosphoric acid
(Scotch bond Etchant, 3 M ESPE) for 15 s, rinsed with water
for 15 s and blot dried, leaving the dentin moist and shiny.
An ethanol and water based adhesive system (ADPER single
bond 2, 3M ESPE) was applied in two consecutive coats to
the entire preparation according to the manufacturer’s
instructions, gently air dried to dispense the solvent and light
cured for 20 s (LED Gnatus). All the experimental groups
were restored with a microhybrid resin composite (Z100,
3M ESPE) shade A2. Each increment in all experimental
groups was light cured for 40 s at a curing distance of
0.5 mm and light intensity of 550 mw/cm2, which was con-
stantly monitored.
Group I (Bulk technique): Bulk insertion technique group
(n= 12). This group was further sub divided into three sub-
groups of four each according to the type of liner/no liner
used:
- Sub-group A:No liner used (n= 4), teeth in this group were
restored with microhybrid resin composite (single
increment).
Figure 1 Dye penetration scores.
Figure 2 Stereomicroscopic ﬁgures: group I (bulk insertion
technique). Sub-group A, No liner.
Figure 3 Stereomicroscopic ﬁgures: group I (bulk insertion
technique). Sub-group B, RMGIC.
Figure 5 Stereomicroscopic ﬁgures: group II (horizontal inser-
tion technique). Sub-group A, no liner.
Figure 4 Stereomicroscopic ﬁgures: group I (bulk insertion
technique). Sub-group C, ﬂowable.
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restored in a similar manner as mentioned above.
- Sub-group C: ﬂowable composite liner (n= 4) was
used and then restored in a similar manner as mentioned
above.
Group II (Horizontal technique): Horizontal insertion tech-
nique group (n= 12). This group was further sub divided intothree sub-groups of four each according to the type of liner/no
liner used:
- Sub-group A: no liner used (n= 4), teeth were restored with
microhybrid resin composite using three horizontal incre-
ments of 1 mm height each placed from the gingival toward
the occlusal wall. The ﬁrst layer was horizontally placed at
the preparations in the gingival third. The second layer was
Figure 6 Stereomicroscopic ﬁgures: group II (horizontal inser-
tion technique). Sub-group B, RMGIC.
Figure 7 Stereomicroscopic ﬁgures: group II (horizontal inser-
tion technique). Sub-group C, ﬂowable.
Figure 8 Stereomicroscopic ﬁgures: group III (Oblique insertion
technique). Sub-group A, no liner.
Figure 9 Stereomicroscopic ﬁgures: group III (oblique insertion
technique). Sub-group B, RMGIC.
Figure 10 Stereomicroscopic ﬁgures: group III (oblique inser-
tion technique). Sub-group C, ﬂowable.
60 M.M. Baig et al.subsequently applied at the preparations in the middle third
and the last increment at the preparations in the occlusal
one third.
- Sub-group B: RMGIC liner (n= 4) was used and then
restored in a similar manner as mentioned above.- Sub-group C: Flowable composite liner (n= 4) was used
and then restored in a similar manner as mentioned above.
Group III (Oblique technique): Oblique insertion technique
group (n= 12). This group was further sub divided into three
sub-groups of four each according to the type of liner/no liner
used:
- Sub-group A: No liner (n= 4), these teeth are restored
using an oblique layering technique in three increments.
The ﬁrst oblique increment was applied to contact the gin-
gival, axial and distal walls. After the ﬁrst increment was
cured, the second oblique increment was inserted to contact
the occlusal, axial and mesial walls and then light cured. A
third increment was applied to cover the other increments,
sealing the cavosurface margins and was subsequently light
cured.
- Sub-group B: (n= 4), these teeth are lined with resin mod-
iﬁed glass ionomer cement according to the manufacturer’s
instructions, light cured and then restored in a similar man-
ner as mentioned above.
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composite liner, and then light cured and restored in a sim-
ilar manner as mentioned above.
The restored specimens were stored in distilled water at
37 C for 24 h. The restorations were then ﬁnished and pol-
ished with aluminum oxide disks (Sof-Lex Pop On, 3M
ESPE). The teeth were coated with two layers of nail varnish,
except for a 2.0 mm rim around the restoration, to allow the
contact of the tracing agent with the margin of the restora-
tion. The specimens were thermocycled for 1000 cycles at
5 ± 1 and 55 ± 1 C with 30 s of dwell time. The specimens
were immediately immersed in 50% silver nitrate solution for
24 h, followed by 8 h in a photo developing solution to allow
the reduction of silver ions to metallic silver grains. The nail
varnish was removed and the specimens sectioned through
the center of the restoration with a precision, water cooled
slow speed diamond saw (Cir-Saw, Conﬁdent Dental Co.,
India).
Then the restorations were analyzed with a stereomicro-
scope at 30· magniﬁcation and scored for degree of dye pene-
tration along the occlusal and gingival walls by two examiners:
Scores: (Fig. 1).
0 = no microleakage.
1 = silver nitrate penetrates up to the dentino-enamel junc-
tion (DEJ) or correspondent length at the dentin wall.
2 = silver nitrate penetrates beyond the DEJ or correspon-
dent length at the dentin wall, surpassing half the cavity
depth.
3= silver nitrate penetrates beyond half the cavity depth,
without reaching the axial wall.
4 = silver nitrate penetrates along the axial walls.
3. Results
When composite restoration was tested for microleakage by
using all the three different insertion techniques and without
the use of any intermediate liners the dye penetration was
signiﬁcantly higher, as seen in sample Fig. 2, Fig. 5 and
Fig. 8.
When RMGIC was used as a liner there was no
signiﬁcant difference in bulk and horizontal insertion tech-
niques as seen in sample Fig. 3 and Fig. 6, whereas there
was a signiﬁcant reduction in microleakage when restored
using the oblique insertion technique as seen in sample
Fig. 9. When Flowable composite was used as a liner there
was a statistically signiﬁcant difference in all the three differ-
ent insertion techniques as seen in sample Fig. 4, Fig. 7 and
Fig. 10.
None of the techniques for composite insertion nor the use
of liners were able to eliminate microleakage completely at
both the enamel and cementum margins. The lower value
at enamel margins was expected as the enamel is a much eas-
ier substrate to bond. There was no statistically signiﬁcant
difference at the enamel margins irrespective of the type of
insertion technique used or with the use of intermediate
liners.
At the cementum margins the oblique insertion technique
gave the best results which are statistically signiﬁcant whencompared to other insertion techniques with no liner group.
The use of an intermediate ﬂowable composite liner reduced
the dye penetration even further when it was coupled with
the oblique insertion technique.3.1. Statistical analysis
The data were submitted for the chi square test (p< 0.5) to
compare the difference in microleakage scores among different
resin composite insertion techniques with and without the use
of liners.
Enamel – No liner.
Groups
Bulk Horizontal Oblique Total
0.00 Count 2 2 0 4
% 25.0 25.0 00.0 16.7
1.00 Count 5 4 8 17
% 62.5 50.0 100.0 70.8
2.00 Count 1 2 0 3
% 12.5 25.0 00.0 12.5
Total count 8 8 8 24
% 100.0 100.0 100.0 100.0X2= 5.529, p= .237 (not signiﬁcant).
Enamel – RMGIC.
Groups
Bulk Horizontal Oblique Total
0.00 Count 3 4 0 7
% 37.5 50.0 00.0 29.2
1.00 Count 5 3 8 16
% 62.5 37.5 100.0 66.7
2.00 Count 0 1 0 1
% 00.0 12.5 00.0 4.2
Total count 8 8 8 24
% 100.0 100.0 100.0 100.0X2= 8.089, p= .088 (not signiﬁcant).
Enamel – Flowable.
Groups
Bulk Horizontal Oblique Total
0.00 Count 2 2 4 8
% 25.0 25.0 50.0 33.3
1.00 Count 5 5 4 14
% 62.5 62.5 50.0 58.3
2.00 Count 1 1 0 2
% 12.5 12.5 00.0 8.3
Total count 8 8 8 24
% 100.0 100.0 100.0 100.0X2= 2.143, p= 0.71 (not signiﬁcant).
Note. There were no statistically signiﬁcant differences seen at the
enamel margins irrespective of the type of insertion technique used
or with the use of intermediate liners.
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Groups
Bulk Horizontal Oblique Total
0.00 Count 0 0 3 3
% 00.0 00.0 37.5 12.5
1.00 Count 1 3 4 8
% 12.5 37.5 50.0 33.3
2.00 Count 2 0 1 3
% 25.0 00.0 12.5 12.5
3.00 Count 4 3 0 7
% 50.0 37.5 00.0 29.2
4.00 Count 1 2 0 3
% 12.5 25.0 00.0 12.5
Total count 8 8 8 24
% 100.0 100.0 100.0 100.0X2= 15.565, p= .05 (signiﬁcant).
Cementum – RMGIC.
Groups
Bulk Horizontal Oblique Total
0.00 Count 2 2 0 4
% 25.0 25.0 00.0 16.7
1.00 Count 5 4 4 13
% 65.0 50.0 50.0 54.2
2.00 Count 1 2 2 5
% 12.5 25.0 25.0 20.8
3.00 Count 0 0 2 2
% 00.0 00.0 25.0 8.3
Total count 8 8 8 24
% 100.0 100.0 100.0 100.0X2= 6.554, p= .364 (not signiﬁcant).
Cementum – Flowable.
Groups
Bulk Horizontal Oblique Total
0.00 Count 0 0 6 6
% 00.0 00.0 75.0 25.0
1.00 Count 4 3 2 9
% 50.0 37.5 25.0 37.5
2.00 Count 3 3 0 6
% 37.5 37.5 00.0 25.0
3.00 Count 1 2 0 3
% 12.5 25.0 00.0 12.5
Total count 8 8 8 24
% 100.0 100.0 100.0 100.0X2= 17.667, p= .007 (highly signiﬁcant).
Note: statistically signiﬁcant difference was seen when the oblique
insertion technique was used, and there was a highly signiﬁcant
difference seen with use of ﬂowable composite liner.4. Discussion
It has been known for many years that conventional restor-
ative materials and techniques produce dental restorations thatdo not provide a complete marginal seal and numerous studies
have demonstrated that leakage of ﬂuid will occur between the
ﬁlling and the prepared tooth surface.6,37 Marginal void for-
mations are leading causes of failure in resin based restoration
The longevity of resin based composite restorations is compro-
mised when bonding between the resin and the interior cavity
walls fails to prevent marginal microleakage.38
To ensure outstanding marginal adaptation of an adhesive
restoration some restorative aspects must be considered such
as preparation design39–42 composite shrinkage36,43,44 and den-
tal adhesive bonding strengths.39 Restoring a box-shaped prep-
aration with incremental placement of resin composite has
been suggested based on the concept of reducing the volume
of resin to be photopolymerized.16,19,20,23,29 This incremental
technique improves certain aspects such as density, adaptation,
thoroughness of cure and hardness of the composite.24,45
It has been suggested that if all composite increments were
perfectly standardized, the horizontal technique would possi-
bly show less microleakage.46 However perfectly standardized
increments are unachievable clinically. Studies have shown
that the incremental technique especially the oblique technique
tends to improve marginal adaptation by resisting resin com-
posite shrinkage stress.23,29 On the other hand few authors
advocate the bulk increment as a safe restorative technique be-
cause it ﬁlls the total volume of the preparation and creates less
residual shrinkage stress than the incremental technique.36,43,44
But as this concept is based on the elastic deformation of the
restorative material ﬂowing toward the free surfaces, more
residual stresses should be expected.36
The results of this study when comparing different insertion
techniques are in accordance with the study conducted by
Hansen et al.23 and Lutz et al.29 which indicates that the obli-
que insertion technique shows less microleakage at the cemen-
tum margins which is statistically signiﬁcant. At the enamel
margins the results were not statistically signiﬁcant which
was expected as enamel is a better substrate to bond when
compared to cementum.
To eliminate or to reduce the shrinkage stress or to make
the adhesive bond resistant to its damaging effects several
investigators proposed that a more ﬂexible intermediate liner
between the dentin and the resin composite will preserve the
dentin bond during the polymerization process. This is com-
monly referred to as Elastic bonding or the Elastic wall con-
cept. A low viscosity material has been suggested as a liner
to ﬁll irregular internal surfaces and proximal boxes before
placing the more viscous material as it can better wet and
adapt to the tooth surface, thus sealing it, which may lead to
a subsequent reduction in post-operative sensitivity.20,40,47
The application of an intermediate layer of either a low vis-
cosity resin or glass ionomer cement between dentin and
restorative resin has been shown to relieve polymerization con-
traction stress by 20%–50%.20,48 A 41% reduction in the vol-
umetric contraction of resin composite restorations lined with
a resin modiﬁed glass ionomer cement has been reported.48,49
Resin-modiﬁed glass ionomers have higher early strength, in-
creased fracture toughness and improved bond strength to
tooth structure compared to conventional glass ionomers.50,51
The rationale of using ﬂowable composite is to improve
marginal adaptation while decreasing internal voids, ulti-
mately resulting in a reduction in marginal leakage. Flowable
composite creates an intimate union with the microstructural
defects in the ﬂoor and the walls of the cavity preparation.
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indicates a greater ability to ﬂex with the tooth to accommo-
date the inherent modulus of the tooth, which will eliminate
gap formation and subsequent microleakage.52
The results of this study when comparing different liners
show that the use of ﬂowable composite liner at the cementum
margin showed less microleakage when compared to resin
modiﬁed glass ionomer cement, which is statistically
signiﬁcant.
The limitations of this study are that the restorative mate-
rials when tested in vitro fail to stimulate the dynamic intra
oral thermal changes induced by routine eating and drinking.
Thermocycling is often employed in laboratory experiments
to simulate stresses in the oral cavity however the absence of
outward ﬂow of the dentinal ﬂuid and the completely altered
dentinal surface due to extraction lead to a poor correlation
between in vivo and in vitro conditions.52,53 However micro-
leakage studies can provide some initial information needed
for the comparison of different new restorative materials.52
The silver nitrate method of measuring microleakage is an
acceptable technique however it is a very severe test because
the silver ion is extremely small (0.059 nm) when compared
to the size of a typical bacterium (0.5–1.0 lm) and thus is more
penetrative. Therefore it may be assumed that any system that
prevents the leakage of the silver ion will also prevent leakage
of the bacteria.545. Conclusion
It can be concluded from the results that the use of the oblique
insertion technique and use of an intermediate liner of ﬂowable
composite resin should always be employed when the cemen-
tum margins are involved.
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